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IMAGE PROCESSING SYSTEM WITH LED
FLICKER MITIGATION

FIELD

The disclosure generally relates to image processing, and
specifically an 1mage processing pipeline which reduced
LED flicker artifacts 1n an image stream.

BACKGROUND

In current 1maging systems thckering lighting and objects
with changing illumination 1 an i1mage may result in
missing parts of an object, or object distortion. In particular,
light-emitting diode (LED) trailic signs (which can flicker
several hundred times per second), and LED stop and head
lights of modern cars, have been widely adopted for traflic
control signs and vehicle components. However, these LEDs
present detection issues for current 1mage processing sys-
tems. Typically, image sensors acquire light asynchronously
relative to the scenery being captured. This means that
portions of an 1mage may not be exposed for part of the
frame duration. This 1s especially true for objects with
illumination flickering when integration times are much
shorter than the flicker periods. Zones 1n an 1mage that are
not fully exposed to dynamic scenery may result in object
distortion, saturation data loss, and color artifacts.

Vehicle cameras are required to be able to capture 1images
with a wide dynamic range (WDR) of light conditions, such
as entering or exiting tunnels. Most of these cameras are
equipped with a CMOS sensor with WDR technology. The
concept of this WDR sensor i1s to capture an image by
combining multiple exposure frames, with each exposure
frame having different exposure duration. A WDR module
composites 1mages by selecting the short-exposure frames
for the areas of movement, as well as oversaturated areas,
within an input image, while the dark areas, as well as
non-moving areas (without brightness oversaturation) are
synthesized by the long-exposure frames.

Short exposure times will sometimes cause the image
sensor to miss the LED “on” pulse and then cause the 1mage
to have tlickering artifacts, as shown 1n the following figure.
This tlickering 1ssue not only aflects the viewing experience

but also may degrade the accuracy of judgement 1n a system
like Advanced Driver Assistance System (ADAS).

BRIEF SUMMARY

According to one aspect of the present disclosure, there 1s
provided an image processing device, including a fusion
processor configured to receive sequential long and short
exposure 1images, and to generate a fusion image including
added corresponding portions of adjacent sequential long
and short exposure 1mages. The 1mage processing device
also includes an LED detection processor configured to
receive the fusion image, the sequential long and short
exposure 1mages, and a wide dynamic range (WDR) 1image
created from the sequential long and short exposure 1mages,
and to generate a control signal indicating whether the
corresponding region includes an LED fhicker or motion.
The 1mage processing device also includes a blending pro-
cessor responsive to the control signal to generate a blended
image.

Optionally, in any of the preceding aspects, the 1mage
processing device may be configured such that the fusion
processor 1s configured to output the fusion image by adding,
pixel values from the adjacent long and short sequential
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images together. Optionally, in any of the preceding aspects,
the 1mage processing device may include a fusion processor
adding pixel values on a pixel-by-pixel basis in correspond-
ing regions of the adjacent long and short sequential images.
Optionally, 1n any of the preceding aspects, the image
processing device may include a fusion processor which
includes a saturation checking mechamism operating on a
pixel-by-pixel basis. Optionally, in any of the preceding
aspects, the image processing device may include a blending
processor which selects a pixel value for a blended 1mage
from a corresponding pixel value in the fusion 1mage, or 1n
the WDR 1mage, or by blending of the fusion and WDR
images based on the control signal. Optionally, 1n any of the
preceding aspects, the image processing device may include
an LED detection processor configured to determine
whether at least a corresponding region of two adjacent
sequential long and short exposure images, the fusion 1image,
and the WDR 1mage includes motion or an LED flicker
based on the relationship between pixel values 1n the adja-
cent sequential long and short images. Optionally, 1n any of
the preceding aspects, the blended 1mage 1s either from the
WDR image, from the fusion image, or from the blending of
the WDR and the fusion images.

One general aspect includes the image processing device
where the blended image includes an 1mage showing an
LED light source during a long exposure image from an
image capture device which captures and outputs the
sequential long and short exposure images.

According to one other aspect of the present disclosure,
there 1s provided a computer-implemented method for pro-
cessing 1mages, including: receiving sequential long and
short exposure 1mages and a wide dynamic range (WDR)
image based on adjacent sequential long and short exposure
images. The computer-implemented method also 1ncludes
generating a fusion 1mage based on the adjacent sequential
long and short exposure images, this fusion 1image including
added data from each of the adjacent long and short expo-
sure 1mages. The computer-implemented method also
includes generating a control signal based on the fusion
image, the WDR 1mage, and the adjacent sequential long and
short exposure 1mages, this control signal indicating whether
pixels 1n the fusion 1mage or the WDR 1mage include an
LED ftlicker. The computer-implemented method also
includes generating a blended image responsive to the
control signal.

Optionally, 1n any of the preceding aspects, the computer-
implemented method includes generating a fusion image
that includes adding together pixel values from the adjacent
long and short sequential 1mages. Optionally, in any of the
preceding aspects, the computer-implemented method
includes generating a fusion 1mage generated by adding
pixel values on a pixel-by-pixel basis 1 corresponding
regions of the adjacent long and short sequential 1mages.
Optionally, 1n any of the preceding aspects, the computer-
implemented method includes generating a fusion 1mage
that includes limiting pixel saturation on a pixel-by-pixel
basis. Optionally, 1n any of the preceding aspects, the
computer-implemented method includes generating a
blended image that includes selecting a pixel value for the
blended 1image from one of a corresponding pixel value in
the fusion 1mage, or from the WDR 1mage, or from both of
a corresponding pixel value 1n the fusion 1mage and 1n the
WDR 1mage based on the control signal. Optionally, in any
of the preceding aspects, the computer-implemented method
includes generating a control signal determining whether at
least a corresponding region of two adjacent sequential long
and short exposure 1mages, the fusion image, and the WDR
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image includes motion or an LED flicker. Optionally, 1n any
of the preceding aspects, the computer-implemented method
includes generating a blended 1image that includes determin-
ing whether a region 1n the WDR 1mage, the fusion image or
the blended 1image 1s oversaturated and correcting the over-
saturated region.

According to still one other aspect of the present disclo-
sure, there 1s provided a non-transitory computer-readable
medium storing computer 1nstructions Ifor processing
images, that when executed by one or more processors,
causes the one or more processors to perform the steps of:
receiving sequential long and short exposure images from an
image sensor; generating a wide dynamic range (WDR)
image based on adjacent sequential long and short exposure
images; generating a fusion i1mage based on the adjacent
sequential long and short exposure images, the fusion 1mage
including added data from each of the adjacent long and
short exposure 1mages, and generating a control signal based
on the fusion image, the WDR image and the adjacent
sequential long and short exposure images, the control
signal indicating whether pixels in the fusion image or the
WDR mmage include an LED flicker. The non-transitory
computer-readable medium also includes generating a
blended 1mage responsive to the control signal by selecting
data from one of the WDR 1mage, or the fusion image, or the
blended combination.

Optionally, in any of the preceding aspects, the non-
transitory computer-readable medium includes generating a
fusion 1mage that includes adding together pixel values from
the adjacent long and short sequential 1mages on a pixel-
by-pixel basis 1n corresponding regions of the adjacent long,
and short sequential 1images. Optionally, mm any of the
preceding aspects, the non-transitory computer-readable
medium 1ncludes generating a fusion 1image that includes
limiting pixel saturation on a pixel-by-pixel basis. Option-
ally, in any of the preceding aspects, the non-transitory
computer-readable medium includes generating a control
signal determines whether at least a corresponding region of
two adjacent sequential long and short exposure images, the
fusion 1mage, and the WDR 1mage includes motion or an
LED flicker. Optionally, 1n any of the preceding aspects, the
non-transitory computer-readable medium includes generat-
ing a blended image 1includes determining whether a region
in the WDR 1mage, the fusion image or the blended image
1s oversaturated and correcting the oversaturated region.

This Summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to i1dentily key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used as an aid
in determining the scope of the claimed subject matter. The

claimed subject matter 1s not limited to implementations that
solve any or all disadvantages noted 1n the Background.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are illustrated by way of
example and are not limited by the accompanying figures for
which like references indicate elements.

FIG. 1 1llustrates an LED sign in which all LED compo-
nents are visible.

FI1G. 2 1llustrates the LED sign of FIG. 1 in which all LED
components are not visible as a result of faulty imaging.

FIG. 3 1s a timing diagram illustrating the output timing
of a multiple exposure 1mage sensor.

FI1G. 4 1s a block diagram of an image processing system.
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FIG. § 1llustrates a block diagram of a network system
that can be used to implement various embodiments.
FIG. 6 1s a flow diagram illustrating the functions of a

WDR unit used in the 1mage processing system.

FIG. 7 1s a flow diagram 1illustrating the functions of a
fusion umt used in the 1mage processing system.

FIG. 8 1s a tlow diagram illustrating the function of an
LED detection unait.

FIG. 9 1s a flow diagram 1illustrating the function of a
blending unit used 1n the 1mage processing system.

FIG. 10 1s a flow diagram illustrating the process per-
formed by a blending processor or blending module 1n
accordance with the technology.

DETAILED DESCRIPTION

The present disclosure will now be described with refer-
ence to the figures, which in general relate to a novel 1mage
processing system which allows conventional CMOS 1mage
detectors to be utilized to detect environmental LED lighting
while preventing the introduction of distortions and motion
artifacts 1n the final produced image. The 1mage processing
system 1ncludes a wide dynamic range (WDR) processor or
module, a fusion processor or module, a LED detection
processor or module, and a blending processor or module.
The system 1s configured to receive sequential long and
short exposure 1mages from an 1mage sensor. The system
uses a WDR 1mage from the WDR processor and a fusion
image {rom the fusion processor i conjunction with the
sequential long and short exposure images to detect LED
pulses having a different pulse duration from the image
sensor producing the long and short exposure 1mages. The
LED detection processor outputs a control signal indicating
whether the corresponding region in sequential long and
short exposure 1images includes an LED flicker or motion,
and the blending processor generates a blended 1image for
the sequential long and short exposure 1mages with a tlicker-
free final 1mage.

It 1s understood that the present embodiments of the
disclosure may be implemented 1n many different forms and
that claims scopes should not be construed as being limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete and will fully convey the mventive embodi-
ment concepts to those skilled 1n the art. Indeed, the disclo-
sure 15 1ntended to cover alternatives, modifications and
equivalents of these embodiments, which are included
within the scope and spirit of the disclosure as defined by the
appended claims. Furthermore, in the following detailed
description of the present embodiments of the disclosure,
numerous specific details are set forth 1n order to provide a
thorough understanding. However, 1t will be clear to those of
ordinary skill in the art that the present embodiments of the
disclosure may be practiced without such specific details.

FIG. 1 illustrates an LED sign 100 showing the word
“OPEN" wherein the sign 1s made up of a plurality of LED
lights. As 1llustrated in FIG. 3, each LED making up the
word OPEN has a series of ON pulses recurring at 10 ms
intervals. The ON pulses are undetectable to the human eye,
but can be detected by imaging systems. As Illustrated in
FIG. 3, wide dynamic range (WDR) systems using CMOS
sensors capture an 1mage by combining multiple exposure
frames, with each exposure frame having different exposure
duration. FIG. 3 illustrates the long and short sequential
exposure frame timing at 220. In the context of this disclo-
sure, the term “frame” 1s used synonymously with the term
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“1mage’” as a frame may comprise one of many still images
which compose the complete moving picture.

As a result of the exposure timing between long and short
exposure frames, an 1imaging system may miss the exposure
pulse of an LED sign, resulting in the image appearing as
illustrated 1n FIG. 2: a partial or fully, underexposed image.

As 1llustrated 1 FIG. 3, the timing disparity between an
image capture sensor adapted to output sequential long and
short exposure 1images and an LED “on” pulse 1s illustrated.
Timing graph 210 illustrates sequential, periodic pulses of
an LED. In one embodiment, the LED on pulse repeats every
10 ms, but the period may be longer or shorter depending on
the LED manufacturer and the use of the LED. An image
capture sensor captures long exposures (242, 244, 246) and
short exposures (232, 234, 236) 1n sequence. During a first
capture sequence 250 comprising long exposure 242 and
short exposure 232, the short exposure 232 will capture
partial exposure data of a corresponding LED pulse 213,
while the long exposure 242 will capture data from pulse
212 and 213. During a second capture sequence 252 com-
prising long exposure 244 and short exposure 234, the short
exposure 234 will capture no exposure data of a LED pulses
214 or 215, while the long exposure 244 will capture a tull
exposure of data from pulse 214. During a third capture
sequence 254 comprising long exposure 246 and short
exposure 244, the short exposure 236 will again only capture
a partial exposure data of a corresponding LED pulse 216,
while the long exposure 244 will capture a full exposure of
data from pulse 215.

The detected 1image of a conventional WDR sensor 1s
composited from the short-exposure frames in areas of
movement, as well as oversaturated areas. On the other
hand, the dark areas, as well as non-moving areas (without
brightness oversaturation), an image may be synthesized by
the long-exposure frames. This results in the sign 100
appearing as illustrated i FIG. 2.

FIG. 4 1llustrates an i1mage signal processor (ISP) in
accordance with the present technology. The ISP 400 is
coupled to a multiple exposure sensor 410 and includes a
tusion processor 420, a WDR processor 430, an LED pulse
detection processor 440 and a blending processor 450. The
multiple exposure sensor 410 provides sequential long and

short exposure 1mages or frames. The exposure data output
from the multiple exposure sensor 410 1s provided to the
fusion processor 420, WDR processor 430 and the LED
pulse detection processor 440.

The fusion processor 420 adds multiple exposure data
from sequential long and short images together. The addition
of multiple exposure data together 1s performed on a pixel-
by-pixel basis over corresponding regions of pixels 1n adja-
cent long and short images. In one aspect, a region may be
an area ol pixels 1n a frame. Regions may be defined by a
number of pixels in width by a number of pixels 1n height.
In one embodiment, a region may comprise an area com-
prising a 30 pixels wide by 5 pixels high area. Pixels are
arranged within a frame 1n a series of rows and columns, and
hence a region may have the same corresponding regions in
adjacent frames (next sequential long or short frame) posi-
tioned at the same row and column area in the adjacent
frames. In one embodiment, the fusion processor 420 may
include a saturation checking mechanism to limit final
output pixel value to avoid oversaturation in bright exposure
regions. In an alternative embodiment, no oversaturation
mechanism 1s used 1n the fusion processor and oversatura-
tion processing may occur in the blending processor 450.
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The output of the fusion processor 420 comprises a fusion
image which 1s provided to the LED pulse detection pro-
cessor 440 and the blending processor 450.

The WDR processor 430 outputs a wide dynamic rage
image (WDR image). The WDR 1mage 1s a clear, no
motion-blur picture. In order to output the WDR 1mage, the
WDR processor 430 1s configured to detect potential motion
by comparing long exposure frames to short exposure
frames. Therefore, it may recognize the on-off pulse of the
LED as motion. When this occurs, the WDR processor 430
outputs the short-exposure frame and, as discussed above
with respect to FIG. 3, the short-exposure frames often miss
the “on” pulse of LED light. The WDR 1mage 1s output to
the LED pulse detection processor 440 and the blending
processor 450. In one embodiment, the WDR processor 420
may 1nclude a saturation checking mechanism to avoid
oversaturation 1 bright exposure regions of the WDR
image. In an alternative embodiment, no oversaturation
mechanism 1s used 1 the WDR processor 430 and over-
saturation processing may occur in the blending processor
450.

The LED pulse detection processor 440 determines
whether a region within input images 1s in an LED flickering
area or not. Because areas of movement can appear similar
to LED thckering, the LED detector determines whether a
raw exposure mput mncludes a true moving area or an LED
flickering. If that determination 1s incorrect, 1t will cause
motion blur or motion discontinuity artifacts in an output
image. The LED pulse detection processor 440 uses the raw
exposure data from the multiple exposure sensor 410, the
fusion 1mage from the fusion processor 420 and the WDR
image ifrom the WDR processor 430 to make this determi-
nation as to whether a region 1s an LED pulse or motion. As
described below, the LED pulse detection processor 440
outputs a control signal to the blending processor 450 which
instructs the blending processor 450 how to process the
region 1n a final blended image.

The blending processor 450 creates and outputs a blended
image, comprising a synthesis of the fusion image and the
WDR 1mage. The blended image provides 1s the blended
result of a WDR 1mage and the fusion image according to the
information from the LED pulse detection processor 440.
The blended 1mage 1s a more accurate representation of the
arca 1maged when the area includes an LED source. As
noted above, in embodiments where the WDR processor 430
and fusion processor 420 do not include an oversaturation
mechanism controlling oversaturation in their respective
output 1mages, the blending processor 450 may include an
oversaturation mechanism.

Each of the processors 1llustrated 1in FIG. 4 may comprise
circuitry specifically constructed to perform the functions
described herein. Each processor may likewise comprise any
suitable programmable hardware element such as program-
mable processing circuitry. Each processor may be provided
as a separate circuit element to other processors or the
processors may share some or all of their processing cir-
cuitry. Each of the aforementioned processors may be
coupled by one or more system busses functionally 1llus-
trated by the arrows linking the data between the various
processors. The arrows indicating data flow are not to be
considered indicative of the number of placement of data or
control busses between the processors but merely illustrative
ol data tlow between the processors.

FIG. 5 1s a block diagram of a network device 500 that can
be used to implement various embodiments. Specific net-
work devices may utilize all of the components shown, or
only a subset of the components, and levels of integration




US 10,721,415 B2

7

may vary from device to device. Furthermore, the network
device 500 may contain multiple instances of a component,
such as multiple processing units, processors, memories,
transmitters, receivers, etc. The network device 500 may
include a central processing unit (CPU) 510, a memory 520,
a mass storage device 530, and an I/O interface 560 con-
nected to a bus 570. The bus 570 may be one or more of any
type of several bus architectures including a memory bus or
memory controller, a peripheral bus or the like.

A multiple exposure sensor 590 1s coupled to bus 370 and
may be equivalent to multiple image sensor 410 discussed
with respect to FI1G. 4. Sensor 590 1s coupled to bus 570 and
outputs sequential long and short exposure images to
memory 520 which may be operated on by the CPU.

The CPU 510 may comprise any type of electronic data
processor. The memory 520 may comprise any type of
system memory such as static random access memory
(SRAM), dynamic random access memory (DRAM), syn-
chronous DRAM (SDRAM), read-only memory (ROM), a
combination thereof, or the like. In an embodiment, the
memory 520 may include ROM for use at boot-up, and
DRAM for program and data storage for use while executing
programs. In embodiments, the memory 320 1s non-transi-
tory. In one embodiment, the memory 520 includes a fusion
module 520A which may comprise instructions to the CPU
510 to add multiple exposure data from sequential long and
short pulses together and, optionally, istructions to 1imple-
ment a saturation checking mechanism to limit final output
pixel values in the fusion 1mage to avoid oversaturation in
bright exposure regions. The memory 3520 may Ifurther
include a WDR module 5208 which includes mstructions to
the CPU 510 to create and output a WDR 1mage 1n a manner
equivalent to the WDR processor 430. The memory 520 may
turther include an LED pulse detection module 520C com-
prising 1nstructions to the CPU 510 to determine whether a
corresponding region within mput fusion images, WDR
images and sequential long and short exposures from the
exposure sensor 390 1s 1 an LED fhckering area or not,
operating in a manner equivalent to the LED pulse detection
processor 440. The memory 520 a blending module 520D
includes instructions to the CPU 510 to create and outputs a
blended 1image, comprising a synthesis of the fusion 1mage
and the WDR 1mage, and provides a more accurate repre-
sentation of whether an area or region within an 1image 1s an
LED or not. The blending module 520D operates 1n a
manner equivalent to the blending processor 450. The blend-
ing module 520D may optionally include instructions to
implement a saturation checking mechanism to limit final
output pixel values 1n the blended 1image to avoid oversatu-
ration in bright exposure regions where such saturation
checking 1s optionally not included in the WDR module
520B and/or the fusion module 520A.

The mass storage device 530 may comprise any type of
storage device configured to store data, programs, and other
information and to make the data, programs, and other
information accessible via the bus 570. The mass storage
device 530 may comprise, for example, one or more of a
solid state drive, hard disk drive, a magnetic disk drive, an
optical disk drive, or the like.

The network device 500 also includes one or more
network interfaces 550, which may comprise wired links,
such as an FEthernet cable or the like, and/or wireless links
to access nodes or one or more networks 580. The network
interface 350 allows the network device 500 to communicate
with remote units via the networks 580. For example, the
network mterface 550 may provide wireless communication
via one or more transmitters/transmit antennas and one or
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more receivers/receive antennas. In an embodiment, the
network device 500 1s coupled to a local-area network or a
wide-area network 580 for data processing and communi-
cations with remote devices, such as other processing units,
the Internet, remote storage facilities, or the like.

FIG. 6 1s a tlowchart 1llustrating the processes performed
by the WDR processor or the WDR module 520B in
accordance with the technology. At 600, the 1image sensor
410 or 3590 captures multiple sequential long and short
images. It should be understood that the image sensor
capture 1s not a part of the WDR processor and that the
image sensor 410 or 5390 may be any of a number of
conventional CMOS technology based image sensors which
are configured capture and output a plurality of sequential
long and short exposure 1mages.

At 610, the WDR processor 430 or WDR module 5208
receives a stream of sequential long and short exposure
images. At 620, the long exposure frame 1s compared to the
short exposure frame. This comparison may occur on a
region by region basis and for corresponding regions in
sequential frames or multiple sequential (long and short)
frames. At 630, a determination 1s made as to whether the
image (or the region) includes motion. The determination
may be the result of comparing exposure data 1n adjacent
images and within regions to analyze whether similar expo-
sure data in close pixels within a region appear 1n successive
images. I so, then motion may be determined. If motion 1s
determined at 630, then a blended WDR 1mage comprising
the long exposure and short exposure 1image 1s output as the
WDR image at 650 based on the comparison at 630. If
motion 1s not determined to be in the image, then a long
exposure 1mage as the WDR 1mage 1s output at 640.

FIG. 7 1s a flowchart 1llustrating the process performed by
the fusion processor 420 (or fusion module 520A). At 700,
the fusion processor 420 or fusion module 520A receives a
stream of sequential long and short exposure images. It
should be understood that the time sequence of a stream of
sequential long and short exposure images will be time-
synced with the stream recerved by the WDR processor (or
WDR module 430) and the LED detection processor 440 (or
LED detection module 520C) so that all processors (or
modules) operate on the same time-sequenced 1mage(s)
within the stream.

At 710, for each common region within two successive
images and at 720 for each image within each common
region, the steps at 730-770 are repeated to generate a fusion
image. At 730, common regions in adjacent sequential short
and long exposure images are aligned and determined. As
noted, the common regions may be the same region relative
to the 1image row and column positions in successive 1mages
or multiple successive 1mages. The process may be per-
formed two adjacent images or multiple successive images.
At 740, pixel data 1n the short exposure 1image(s) 1s added to
pixel data in the adjacent sequential long exposure 1mage(s).
If, at 750, the added data 1s over an intensity threshold, a
saturation checking mechanism 1s used to apply color cor-
rection to an output image. If the added data in successive
frames, when added, would be over an intensity threshold at
750, then color correction 1s applied at 760. The threshold
may be set at any suitable level by a process designed so that
oversaturation of the pixel/region does not occur. Color
correction at 760 may comprise applying a multiplier factor
to the intensity data to reduce the intensity of the data
coming from one or more of the long exposure 1image or
short exposure 1mage which will contribute to the fusion
image. At 770, the added pixel data (or color corrected data)
are output and the process moved so the next pixel and next
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region until all regions 1n the 1mages are processed. Once all
regions are processed at 780, the whole fusion i1mage 1s
generated.

FIG. 8 1s a flowchart illustrating the process performed by
the LED pulse detection processor 440 or LED pulse detec- 5
tion module 520C. At 800, the LED pulse detection proces-
sor 440 or LED pulse detection module 520C receives a
stream of sequential long and short exposure 1mages. Again,
the stream of sequential long and short exposure 1images will
be time-synced with the fusion image and the WDR 1mage 10
when received by the LED pulse detection processor 440 or
LED pulse detection module 520C.

At 810, for each common region within two successive
images and at 820 for each image within each common
region, the steps at 830-870 are repeated to generate a 15
control signal to the blending processor 450 or blending
module 520D which 1nstructs the blending processor 450 or
blending module 520D on how to process a blended 1image.

At 830, common regions in adjacent sequential short and
long exposure 1mages are aligned and determined as 1n step 20
730.

At 840, pixel data 1n the short exposure image(s ), adjacent
sequential long exposure 1mage(s), the fusion 1image and the
WDR 1mage are compared. At 850, based on data 1n each
corresponding region and each pixel, a determination 1s 25
made as to whether the pixel/region contains motion or an
LED pulse. Additional details on step 850 are 1illustrated 1n
FIG. 9. If the pixel 1n the corresponding region 1s determined
to be an LED, at 860 a control signal 1s output (for each
determined pixel) that weights the pixel contribution to the 30
final frame based on the LED determination. Intensity data
from a respective fusion or WDR 1mage retlecting this
output would then be used in the blended 1image. (Generally,
this would likely be the higher intensity contribution of the
greater of the fusion i1mage or the WDR 1mage to that 35
pixel/region in the corresponding region of the blended
image.) If the pixel in the corresponding region i1s deter-
mined to be motion, at 870 a control signal 1s output (for
cach determined pixel) that weights the pixel contribution to
the final frame based on the motion determination. At 880, 40
the process continues for each pixel and region 1n the 1mage.

FIG. 9 1s a flowchart illustrating one embodiment of
performing step 8350—determining whether an 1mage
includes motion or and LED pulse—in FIG. 8. At 900, the
process takes as iput the data from a long exposure 1image 45
(LONG), a short exposure image (SHORT) (adjacent 1n time
to the long exposure image), the fusion 1mage data which
may be an addition of the LONG data and the SHORT data
or a color corrected output for the LONG and SHORT data,
and the WDR 1mage data (which 1s one of following: the 50
LONG mmage data, the SHORT image data, or the blended
of the LONG and SHORT immage data). An LED’s pulse
frequency range 1s very wide and, LEDs 1n the field are
likely to have many LEDs with different frequenc1es 1n an
image. When there 1s an LED flickering, the difference 55
between long exposure pixel value and short exposure pixel
value 1s very large (LONG/>>SHORT,). For a moving
object, the relationship of previous pair of LONG, , and
SHORT ., ; will be (LONG, ,~SHORT, ;). However, for a
true LED flickering, the previous pair of LONG, , and 60
SHORT, , will still be (LONG,_ ,>>SHORT,_,).

One case 1s shown to determine whether an analysis needs
to be performed (step 910) or whether, based on the data, an
LED pulse can be determined (step 920 or 930).

An analysis 1s made at 940 if step 910 1s true, or 920 and 65
930 are false. At 910, the LONG image data 1s much higher
in intensity than the SHORT image data. In this case, the

10

fusion 1mage in this region will likely contain a color
corrected (blended) set of data and the WDR 1mage will
likely contain the SHORT 1mage data (having likely deter-
mined motion in the raw data). If step 910 1s true, the process
moves to step 940 where 1t 1s further determined 11 there 1s
an LED pulse by comparing the conditions of previous
LONG and SHORT mmages to the current LONG and
SHORT mmages. If there 1s an LED pulse, the conditions of
these two pairs of LONG and SHORT mmages will be
similar.

At 920, the SHORT image data 1s much higher in intensity
than the LONG 1mage data. In this case, the fusion 1image in
this region will likely contain the SHORT data and the WDR
image will likely contain the SHORT 1mage data (having
likely determined no motion in the raw data). At 930, the
LONG 1mage data 1s close 1n intensity to the SHORT image
data. In the case the fusion 1mage 1n this region will likely
contain the blended data and the image from the WDR will
be blended data. If either 920 or 930 are true, then the
method determines that no LED 1s present in the region.

The control signal output by the LED determination
processor allows the blending processor to determine
whether the WDR 1mage data, or the fusion image data, or
the blended of WDR and fusion images will be used for the
output 1mage. As described below, the blending processor
chooses data from one of the WDR i1mage or the fusion
image on a pixel by pixel basis to generate the blended
image. The blended image thus has an accurate detection of
LED lighting within the image than standard WDR 1mages
while allowing the use of standard CMOS sensor technol-
0gy.

FIG. 10 1llustrates the process performed by the blending
processor 430 or blending module 520D. The blending
processor 450 or blending module 520D takes as input the
fusion 1image at 1000 and the WDR 1mage at 1010. For each
pixel in each of the fusion image and the WDR 1mage at
1020, at 1030 and responsive to the control signal from the
LED detection processor, the blending processor 450 or
blending module 520D selects the pixel value of the fusion
image or the WDR 1mage or a blended version of the two
images for use in the blended 1image. The process continues
for each pixel at 1070 until all pixels have been processed,
at which point the process outputs the final blended 1image
with improved LED detection at 1080. As such, the blending
processor or 450 or blending module 520D will output one
of the following images: the WDR 1mage, the fusion image,
or the blended of WDR and fusion images. If the LED
detection processor 440 or module 520C can determine that
a pixel 1s in LED flickering area, the blending processor 450
or blending module 520D will output the fusion result for
that pixel. On the other hand, 1f the LED detection processor
440 or module 520C can determine that a pixel 1s 1n a motion
area, the blending processor 450 or blending module 520D
will output the WDR result for that pixel. However, i1 a pixel
cannot be certainly determined either in an LED flickering
area or 1n a motion area, the blending processor 450 or
blending module 520D will output the blended result of
WDR and fusion images for that pixel. The operation of all
modules 1s pixel based. To increase accuracy, the detection
operation will also reference the surrounding pixels of a
target pixel, it will be region based.

The technology may further include a means 400 for
receiving sequential long and short exposure images output
from an 1mage sensor 410; a means 430 for generating a
wide dynamic range (WDR) mmage based on adjacent
sequential long and short exposure 1mages; a means 420 for
generating a fusion 1mage based on the adjacent sequential
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long and short exposure 1images, the fusion 1mage compris-
ing added data from each of the adjacent long and short
exposure 1mages; a means 440 for generating a control
signal based on the fusion image, the WDR 1mage and the
adjacent sequential long and short exposure images, the
control signal indicating whether pixels 1n the fusion image
or the WDR 1mage comprise LED pulses; and a means 450
for generating a blended 1mage responsive to the control
signal by selecting data from one of the WDR image or the
fusion 1mage.

As noted above, the 1mage processing technology dis-
cussed herein improves LED detection for a wide variety of
applications. The technology allows conventional CMOS
image sensors to be used with a WDR processor or module
output while mitigating LED flicker in a final, blended
image. Hence, manufacturing costs can be relatively low. In
addition, compared to the conventional LED capture and
detection processes, the technology can also improve the
picture quality from the perspective of signal to noise ratio
(SNR). The output of a WDR processor or module as
discussed herein 1s a WDR 1mage comprising a combination
of LONG and SHORT exposure frames. The blending ratio
for this WDR 1mage depends on the difference of LONG and

SHORT exposure data. For a pixel in a moving area, this
difference will become larger and then the output pixel will
include more SHORT exposure data. On the other hand, 1f
a pixel 1s 1 a still and bright area, the difference will be
smaller and then the output pixel will include more LONG
exposure data. In general, the SHORT exposure data has less
motion blur but 1s noisier than the LONG exposure data.
When a detected pixel 1s 1n a still but darker area, the output
of WDR module may include more SHORT exposure data
because 1ts corresponding SHORT exposure pixel 1s noisier

and then the difference may become larger. In order to avoid

such 1naccurate detection, the LED pulse detection proces-
sor 440 or module 520C 1n can be used to check the
relationship between the diflerence of previous pair
(LONG,_,, SHORT, ;) and the difference of current pair
(LONG,, SHORTr) If these two diflerences are similar, the
detected pixel 1s 1n erther LED flickering area or 1n still area,

the blending module will output higher ratio of the fusion

data in the final data. As mention above, the fusion image 1s
the result of addmg LONG and SHORT 1mage data instead

of only SHORT image data. Therefore, the SNR of the
blended 1mage will be better than the WDR 1mage output in
a noisy environment.

Disclosed herein 1s an image processing device compris-
ing: a fusion processor configured to receive sequential long
and short exposure images and generate a fusion image
comprising added corresponding portions of adjacent
sequential long and short exposure 1mages; a LED detection
processor configured to receive the fusion image, the
sequential long and short exposure 1mages, and a wide
dynamic range (WDR) 1mage created from the sequential
long and short exposure images, and generate a control
signal indicating whether the corresponding region includes
LED flickers or motions; and a blending processor respon-
sive to the control signal to generate a blended 1image.

The 1image processing device may include the aforemen-
tioned 1mage processing device wherein the fusion processor
1s configured to output the fusion image by adding pixel
values from the adjacent long and short sequential 1images
together.

The 1mage processing device may include any of the
alforementioned 1mage processing devices wherein the
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fusion processor adds pixel values on a pixel-by-pixel basis
in corresponding regions of the adjacent long and short
sequential 1mages.

The 1mage processing device may include any of the
aforementioned 1mage processing devices wherein the
fusion processor includes a saturation checking mechanism
operating on a pixel-by-pixel basis.

The 1mage processing device may include any of the
aforementioned i1mage processing devices wherein the
blending processor selects a pixel value for a blended 1image
from one of a corresponding pixel value 1n the fusion 1mage,
or the WDR 1mage or a combination of the fusion image and
the WDR 1mage based on the control signal.

The 1mage processing device may include any of the
alforementioned 1mage processing devices wherein the LED
detection processor 1s configured to determine whether at
least a corresponding region of two adjacent sequential
LONG and SHORT exposure images, the fusion image, and
the WDR 1mage includes motion or an LED pulse based on
the relationship between pixel values 1n the adjacent sequen-

tial LONG and SHORT 1mages.

The mmage processing device may include any of the
alforementioned 1image processing devices wherein one of a
WDR processor, the fusion processor and the blending
processor determines whether a region 1s oversaturated and
corrects the oversaturated region.

The 1mage processing device may include any of the
aforementioned i1mage processing devices wherein the
blending 1mage comprises an image showing an LED during
a long exposure 1image of an 1mage capture device which
captures and outputs the sequential long and short sequential
exposure 1mages.

Also disclosed 1s a computer-implemented method for
processing 1mages, comprising: receiving sequential long
and short exposure images and a wide dynamic range
(WDR) 1mage based on adjacent sequential long and short
exposure 1mages; generating a fusion image based on the
adjacent sequential long and short exposure i1mages, the
fusion 1mage comprising added data from each of the
adjacent long and short exposure images; generating a
control signal based on the fusion image, the WDR 1mage
and the adjacent sequential long and short exposure 1mages,
the control signal indicating whether pixels in the fusion
image or the WDR 1mage comprise an LED flicker; and
generating a blended 1image responsive to the control signal
by selecting data from one of the following: WDR 1mage, or
the fusion 1image, or both.

The computer-implemented method may include any of
the aforementioned computer i1mplemented methods
wherein generating a fusion image comprises adding pixel
values from the adjacent long and short sequential 1images
together.

The computer-implemented method may include any of
the aforementioned computer 1mplemented methods
wherein generating a fusion 1image comprising adding pixel
values on a pixel-by-pixel basis i corresponding regions of
the adjacent long and short sequential 1mages.

The computer-implemented method may include any of
the aforementioned computer 1mplemented methods
wherein generating a fusion image includes limiting pixel
saturation on a pixel-by-pixel basis.

The computer-implemented method may include any of
the aforementioned computer i1mplemented methods
wherein generating a blended 1mage includes selecting a
pixel value for the blended 1image from one of a correspond-




US 10,721,415 B2

13

ing pixel value in the fusion 1mage or the WDR 1mage or a
combination of the fusion image and the WDR 1image based
on the control signal.

The computer-implemented method may include any of
the aforementioned computer implemented methods which
generates a control signal to determine whether at least a
corresponding region of two adjacent sequential long and
short exposure images, the fusion i1mage, and the WDR
image includes motion or an LED flickering based on the
relationship between pixel values in the adjacent sequential
LONG and SHORT images.

The computer-implemented method may include any of
the aforementioned computer 1mplemented methods
wherein generating a blended image includes determining,
whether a region 1n the WDR 1mage, the fusion image or the
blended 1mage 1s oversaturated correcting the oversaturated
region.

Also disclosed 1s a non-transitory computer-readable
medium  storing computer 1nstructions Ifor processing
images, that when executed by one or more processors,
cause the one or more processors to perform the steps of:
receiving sequential long and short exposure images and a
wide dynamic range (WDR) mmage based on adjacent
sequential long and short exposure images; generating a
fusion 1mage based on the adjacent sequential long and short
exposure 1mages, the fusion 1mage comprising added data
from each of the adjacent long and short exposure 1mages;
generating a control signal based on the fusion 1mage, the
WDR 1mage and the adjacent sequential long and short
exposure 1images, the control signal indicating whether pix-
¢ls 1n the fusion 1image or the WDR 1mage comprise LED
flickering; and generating a blended 1mage responsive to the
control signal by selecting data from one of the WDR 1mage
or the fusion 1mage.

The non-transitory computer-readable medium may
include any of the alforementioned non-transitory computer-
readable mediums wherein generating a fusion 1image com-
prises adding pixel values from the adjacent long and short
sequential 1mages together on a pixel-by-pixel basis 1n
corresponding regions of the adjacent long and short sequen-
t1al 1mages.

The non-transitory computer-readable medium may
include any of the aforementioned non-transitory computer-
readable mediums wherein generating a fusion image
includes limiting pixel saturation on a pixel-by-pixel basis.

The non-transitory computer-readable medium may
include any of the alforementioned non-transitory computer-
readable mediums wherein the generating a control signal
based on the fusion image determines whether at least a
corresponding region of two adjacent sequential long and
short exposure images, the fusion image, and the WDR
image includes motion or an LED on pulse based on the
difference between the previous pairs of LONG and SHORT
images and the current pairs of LONG and SHORT 1images.

The non-transitory computer-readable medium may
include any of the aforementioned non-transitory computer-
readable mediums wherein the generating a blended 1image
includes determining whether a region in the WDR 1mage,
the fusion 1mage or the blended 1image 1s oversaturated and
correcting the oversaturated region.

It 1s understood that the present subject matter may be
embodied 1n many different forms and should not be con-
strued as being limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this subject
matter will be thorough and complete and will fully convey
the disclosure to those skilled in the art. Indeed, the subject
matter 1s intended to cover alternatives, modifications and
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equivalents of these embodiments, which are included
within the scope and spirit of the subject matter as defined
by the appended claims. Furthermore, in the following
detailed description of the present subject matter, numerous
specific details are set forth in order to provide a thorough
understanding of the present subject matter. However, 1t will
be clear to those of ordinary skill in the art that the present
subject matter may be practiced without such specific
details.

Aspects of the present disclosure are described herein
with reference to flowchart illustrations and/or block dia-
grams ol methods, apparatuses (systems) and computer
program products according to embodiments of the disclo-
sure. It will be understood that each block of the tlowchart
illustrations and/or block diagrams, and combinations of
blocks 1n the flowchart illustrations and/or block diagrams,
can be implemented by computer program instructions.
These computer program instructions may be provided to a
processor of a general purpose computer, special purpose

computer, or other programmable data processing apparatus
to produce a machine, such that the instructions, which
execute via the processor of the computer or other program-
mable 1nstruction execution apparatus, create a mechanism
for implementing the functions/acts specified in the tlow-
chart and/or block diagram block or blocks.

The computer-readable non-transitory media includes all
types of computer readable media, including magnetic stor-
age media, optical storage media, and solid state storage
media and specifically excludes signals. It should be under-
stood that the software can be 1nstalled in and sold with the
device. Alternatively the software can be obtamned and
loaded 1nto the device, including obtaining the software via
a disc medium or from any manner of network or distribu-
tion system, including, for example, from a server owned by
the software creator or from a server not owned but used by
the software creator. The software can be stored on a server
for distribution over the Internet, for example.

Computer-readable storage media (medium) exclude (ex-
cludes) propagated signals per se, can be accessed by a
computer and/or processor(s), and include volatile and non-
volatile internal and/or external media that 1s removable
and/or non-removable. For the computer, the various types
of storage media accommodate the storage of data 1n any
suitable digital format. It should be appreciated by those
skilled 1n the art that other types of computer readable
medium can be employed such as zip drives, solid state
drives, magnetic tape, tlash memory cards, flash drives,
cartridges, and the like, for storing computer executable
instructions for performing the novel methods (acts) of the
disclosed architecture.

The terminology used herein 1s for the purpose of describ-
ing particular aspects only and 1s not intended to be limiting
of the disclosure. As used herein, the singular forms *“a”,
“an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
turther understood that the terms “comprises” and/or “com-
prising,” when used 1n this specification, specily the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

The description of the present disclosure has been pre-
sented for purposes of illustration and description, but 1s not
intended to be exhaustive or limited to the disclosure 1n the
form disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without depart-

ing from the scope and spirit of the disclosure. The aspects




US 10,721,415 B2

15

ol the disclosure herein were chosen and described 1n order
to best explain the principles of the disclosure and the
practical application, and to enable others of ordinary skaill
in the art to understand the disclosure with various modifi-
cations as are suited to the particular use contemplated.

For purposes of this document, each process associated
with the disclosed technology may be performed continu-
ously and by one or more computing devices. Each step 1n
a process may be performed by the same or different
computing devices as those used in other steps, and each
step need not necessarily be performed by a single comput-
ing device.

Although the subject matter has been described 1n lan-
guage specific to structural features and/or methodological
acts, 1t 1s to be understood that the subject matter defined 1n
the appended claims 1s not necessarily limited to the specific
features or acts described above. Rather, the specific features
and acts described above are disclosed as example forms of
implementing the claims.

What 1s claimed 1s:

1. An 1mage processing device, comprising:

a fusion processor configured to receive sequential long
and short exposure images and generate a fusion 1image
comprising added corresponding regions of adjacent
sequential long and short exposure images;

a LED detection processor configured to receive the
fusion 1mage, the sequential long and short exposure
images and a wide dynamic range (WDR) 1mage cre-
ated from the sequential long and short exposure
images, and generate a control signal indicating
whether a corresponding region includes LED flickers
or motion; and

a blending processor responsive to the control signal to
generate a blended image.

2. The 1mage processing device of claim 1 wherein the
fusion processor 1s configured to output the fusion 1image by
adding pixel values from the adjacent long and short sequen-
tial 1images together.

3. The image processing device of claim 2 wherein the
fusion processor adds pixel values on a pixel-by-pixel basis
in corresponding regions ol the adjacent long and short
sequential 1mages.

4. The 1mage processing device of claim 3 wherein the
fusion processor includes a saturation checking mechanism
operating on a pixel-by-pixel basis.

5. The 1mage processing device of claim 1 wherein the
blending processor selects a pixel value for a blended 1image
from one of a corresponding pixel value 1n the fusion image,
the WDR 1mage or a combination of the fusion image and
the WDR 1mage based on the control signal.

6. The 1mage processing device of claim 1 wherein the
LED detection processor 1s configured to determine whether
at least a corresponding region of two adjacent sequential
long and short exposure 1images, the fusion image, and the
WDR 1mage includes motion or an LED pulse based on a
relationship between pixel values in the adjacent sequential
long and short images.

7. The 1image processing device of claim 1 wherein one of
a WDR processor, the fusion processor and the blending
processor determines whether a region 1s oversaturated and
corrects the oversaturated region.

8. The 1mage processing device of claim 1 wherein the
blended 1image comprises an 1mage showing an LED during,
a long exposure 1mage of an 1mage capture device which
captures and outputs the sequential long and short exposure
1mages.
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9. A computer-implemented method for processing
1mages, comprising:

recerving sequential long and short exposure 1images and
a wide dynamic range (WDR) image based on adjacent
sequential long and short exposure 1mages;

generating a fusion 1image based on the adjacent sequen-
tial long and short exposure images, the fusion 1mage
comprising added data from each of the adjacent long
and short exposure 1mages;

generating a control signal based on the fusion image, the
WDR image and the adjacent sequential long and short
exposure 1mages, the control signal indicating whether
pixels 1n the fusion 1mage or the WDR 1mage comprise
an LED flicker; and

generating a blended image responsive to the control

signal.
10. The computer-implemented method of claim 9
wherein generating a fusion image comprises adding pixel
values from the adjacent long and short sequential 1mages
together.
11. The computer-implemented method of claim 10
wherein generating a fusion 1image comprising adding pixel
values on a pixel-by-pixel basis in corresponding regions of
the adjacent long and short sequential 1mages.
12. The computer-implemented method of claim 10
wherein generating a fusion image includes limiting pixel
saturation on a pixel-by-pixel basis.
13. The computer-implemented method of claim 9
wherein generating generating a blended image includes
selecting a pixel value for the blended image from one of a
corresponding pixel value in the fusion image, the WDR
image, or a combination of the fusion image and the WDR
image based on the control signal.
14. The computer-implemented method of claim 9
wherein generating a control signal based on the fusion
image determines whether at least a corresponding region of
two adjacent sequential long and short exposure images, the
fusion 1mage, and the WDR 1mage includes motion or an
LED flicker based on a relationship between pixel values 1n
the adjacent sequential long and short images.
15. The computer-implemented method of claim 9
wherein generating a blended 1image includes determining
whether a region 1n the WDR 1mage, the fusion image or the
blended 1mage 1s oversaturated correcting any oversatura-
tion.
16. A non-transitory computer-readable medium storing
computer instructions for processing images, that when
executed by one or more processors, cause the one or more
processors to perform the steps of:
recerving sequential long and short exposure 1images and
a wide dynamic range (WDR) 1image based on adjacent
sequential long and short exposure 1mages;

generating a fusion 1image based on the adjacent sequen-
t1al long and short exposure 1images, the fusion 1image
comprising added data from each of the adjacent long
and short exposure 1images;

generating a control signal based on the fusion 1mage, the

WDR 1mage and the adjacent sequential long and short
exposure 1mages, the control signal indicating whether
pixels in the fusion 1image or the WDR 1mage comprise
an LED flicker; and

generating a blended image responsive to the control

signal by selecting data from one of the WDR 1mage or
the fusion 1mage.

17. The non-transitory computer-readable medium of
claim 16 wherein generating a fusion i1mage comprises
adding pixel values from the adjacent long and short sequen-
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t1al images together on a pixel-by-pixel basis in correspond-
ing regions of the adjacent long and short sequential images.

18. The non-transitory computer-readable medium of
claim 17 wherein generating a fusion image includes limit-
ing pixel saturation on a pixel-by-pixel basis. 5

19. The non-transitory computer-readable medium of
claim 18 wherein the generating a control signal based on
the fusion 1mage determines whether at least a correspond-
ing region of two adjacent sequential long and short expo-
sure 1mages, the fusion image, and the WDR 1mage includes 10
motion or an LED on pulse based on a relationship between
pixel values the adjacent sequential long and short 1images.

20. The non-transitory computer-readable medium of
claim 16 wherein the generating a blended 1mage includes
determining whether a region 1n the WDR 1mage, the fusion 15
image or the blended 1images 1s oversaturated and correcting
any oversaturation.

18
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